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PACKAGE STRUCTURE AND METHODS OF FIGS . 3 through 12 illustrate intermediate stages of form 
FORMING SAME ing a semiconductor device according to an embodiment ; 

FIG . 13 illustrates a cross section of a semiconductor 
This application is a divisional of U . S . patent application device according to another embodiment ; and 

Ser . No . 13 / 758 , 665 , filed on Feb . 4 , 2013 , entitled “ Package 5 FIG . 14 illustrates a cross section of a semiconductor 
Structure and Methods of Forming Same , ” which applica - device according to another embodiment . 
tion is hereby incorporated herein by reference in their 
entireties . DETAILED DESCRIPTION OF ILLUSTRATIVE 

EMBODIMENTS 
BACKGROUND 

Reference will now be made in detail to embodiments 
Since the invention of integrated circuits , the semicon illustrated in the accompanying drawings . Wherever pos 

ductor industry has experienced continuous rapid growth sible , the same reference numbers are used in the drawings 
due to constant improvements in the integration density of and the description to refer to the same or like parts . In the 
various electronic components ( i . e . , transistors , diodes , 15 drawings , the shape and thickness may be exaggerated for 
resistors , capacitors , etc . ) . For the most part , these improve clarity and convenience . This description will be directed in 
ments in integration density have come from repeated reduc particular to elements forming part of , or cooperating more 
tions in minimum feature size , allowing more components to directly with , methods and apparatus in accordance with the 
be integrated into a given chip area . present disclosure . It is to be understood that elements not 

These integration improvements are essentially two - di - 20 specifically shown or described may take various forms well 
mensional ( 2D ) in nature , in that the volume occupied by the known to those skilled in the art . Many alternatives and 
integrated components is essentially on the surface of the modifications will be apparent to those skilled in the art , 
semiconductor wafer . Although dramatic improvements in once informed by the present disclosure . 
lithography have resulted in considerable improvements in Reference throughout this specification to “ one embodi 
2D integrated circuit formation , there are physical limita - 25 ment ” or “ an embodiment ” means that a particular feature , 
tions to the density that can be achieved in two dimensions . structure , or characteristic described in connection with the 
One of these limitations is the minimum size needed to make embodiment is included in at least one embodiment . Thus , 
these components . Also , when more devices are put into one the appearances of the phrases “ in one embodiment ” or “ in 
chip , more complex designs are required . An additional an embodiment ” in various places throughout this specifi 
limitation comes from the significant increase in the number 30 cation are not necessarily all referring to the same embodi 
and length of interconnections between devices as the num - ment . Furthermore , the particular features , structures , or 
ber of devices increases . When the number and length of characteristics may be combined in any suitable manner in 
interconnections increase , both circuit RC delay and power one or more embodiments . It should be appreciated that the 
consumption increase . following figures are not drawn to scale ; rather , these figures 

In an attempt to further increase circuit density , three - 35 are merely intended for illustration . 
dimensional ( 3D ) ICs have been investigated . In a typical Embodiments will be described with respect to a specific 
formation process of a 3D IC , at least two dies or wafers are context , namely wafer - level packaging comprising an inter 
bonded together and electrical connections are formed poser and double - sided die bonding to the interposer . Other 
between each die and contact pads on a substrate . For embodiments may also be applied , however , to other wafer 
example , one attempt involved bonding two dies or wafers 40 level packages with a package substrate or with dies bonded 
on top of each other . The stacked dies were then bonded to together without package substrate or interposer . 
a packaging substrate and wire bonds or solder bumps FIG . 1 illustrates a semiconductor device 10 in accor 
electrically coupled contact pads on each die to contact pads dance with various embodiments of the present disclosure . 
on the packaging substrate . The semiconductor device 10 includes an interposer 200 

Another 3D package utilized package - on - package ( POP ) 45 with a first die 100 attached to a first side of an interposer 
or interposer techniques for stacking dies to reduce form 200 via a first set of conductive joints 120 and a second die 
factor . PoP typically includes one packaged die placed over 300 attached to a second side of the interposer 200 via a 
another packaged die , wherein the dies are electrically second set of conductive joints 240 . The first set of conduc 
coupled by solder bumps . The bottom die is then electrically tive joints 120 and the second set of conductive joints 240 
coupled to a packaging substrate . PoP packages , however , 50 may comprise , for example , microbumps having a diameter 
are difficult to decrease the form factor . Additionally , current of about 5 um to about 50 um . The semiconductor device 10 
techniques utilizing an interposer as the packaging substrate further includes vias 320 in an encapsulating material 360 . 
are limited by its still 2D - like ( sometimes referred to as The vias 320 may provide an electrical connection between 
2 . 5D ) features that make it difficult to minimize the x - y the interposer 200 and a set of conductive connectors 350 , 
dimension . 55 which may in turn be connected to another semiconductor 

device , packaging substrate , or PCB board ( not shown ) . 
BRIEF DESCRIPTION OF THE DRAWINGS The interposer 200 may be formed of a semiconductor 

material , such as silicon , silicon germanium , silicon carbide , 
For a more complete understanding of the present gallium arsenide , or other commonly used semiconductor 

embodiments , and the advantages thereof , reference is now 60 materials . Alternatively , the interposer 200 is formed of a 
made to the following descriptions taken in conjunction with dielectric material , such as glass , aluminum oxide , alumi 
the accompanying drawings , in which : num nitride , the like , or a combination thereof . The inter 

FIG . 1 illustrates a cross section of a semiconductor poser 200 is substantially free from integrated circuit 
device according to an embodiment ; devices , including active devices , such as transistors and 

FIG . 2 illustrates a flow diagram of a method for manu - 65 diodes . Furthermore , the interposer 200 may include , or may 
facturing a semiconductor device according to an embodi - be free from , passive devices , such as capacitors , resistors , 
ment ; inductors , varactors , the like , or a combination thereof . 
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Through substrate vias ( TSVs ) 220 and contact pads 210 a conductive material . The diffusion barrier layers , for 
in the interposer 200 provide an electrical connection example , may comprise one or more layers of Tan , Ta , TiN , 
between the first die 100 and the second die 300 , as well as Ti , CoW , or the like , and the conductive material may 
between the set of conductive connectors 350 and one or comprise , for example , copper , tungsten , aluminum , silver , 
both of the first die 100 and the second die 300 by way of 5 combinations thereof , and / or the like , formed by an electro 
interconnects 230 , vias 320 , and redistribution layers chemical plating process , thereby forming the TSVs 220 . 
( RDLs ) 340 . The set of conductive connectors 350 are The isolation layers , for example , may comprise SiOx , 
coupled to the RDLs 340 with an optional dielectric layer SiNx , the like , or a combination thereof . 
330 between the RDLs 340 and the second die 300 and the Contact pads 210 are formed over the substrate of the encapsulant 360 . 10 interposer 200 . In some embodiments , there is an intercon The first die 100 and the second die 300 may be any nect structure ( not shown ) including one or more dielectric suitable die for a particular application . For example , one of layers , metal lines and vias in the dielectric layers between the first die 100 and the second die 300 may be a memory 
chip , such as a DRAM , SRAM , NVRAM , and / or the like , the TSVs 220 and the contact pads 210 . In some embodi 
while the other die may be a logic circuit . The first die 100 15 ments , the contact pads 210 are redistribution lines ( RDLs ) . 
includes a first set of contact pads 110 to provide an The contacts pads 210 may comprise aluminum , gold , 
electrical connection between the first die 100 and the TSVs copper , the like , or a combination thereof . 
220 via the first set of conductive joints 120 . The second die Next , a first set of conductive bumps 212 are formed on 
300 includes a second set of contact pads 310 to provide an the first side of interposer 200 and are electrically coupled to 
electrical connection between the second die 300 and the 20 TSVs 220 and the contact pads 210 . In some embodiments , 
TSVs 220 and the interconnects 230 via the second set of conductive bumps 212 are solder bumps , such as eutectic 
conductive joints 240 . solder bumps . In some other embodiments , the conductive 

Both the first die 100 and the second die 300 may have an bumps 212 are copper bumps or other metal bumps formed 
underfill material ( underfill 130 and 250 ) between the dies of gold , silver , nickel , tungsten , aluminum , the like , or a 
and the interposer 200 . Also , an encapsulating material ( 140 25 combination thereof and may include a solder bump struc 
and 360 ) may be formed over the components to protect the ture over a metal pillar and a barrier layer . 
components from the environment and external contami - The first die 100 may be a device die comprising inte 
nants . grated circuit devices , such as transistors , capacitors , induc 

FIG . 2 illustrates a flow diagram of a method 500 for tors , resistors ( not shown ) , and the like , therein . Further , the 
manufacturing a semiconductor device in accordance with 30 first die 100 may be a logic die comprising core circuits , and 
an embodiment . While method 500 is illustrated and may be , for example , a central processing unit ( CPU ) die . In 
described below as a series of acts or events , it will be some embodiments , the first die 100 may comprise multiple 
appreciated that the illustrated ordering of such acts or stacked dies like a memory stacking . The contact pads 110 
events are not to be limited to a particular embodiment . For on the first die 100 may be similar to the contact pads 220 
example , some acts may occur in different orders and / or 35 as discussed above and the description will not be repeated 
concurrently with other acts or events apart from those herein . Also , a second set of conductive bumps 112 formed 
illustrated and / or described herein . In addition , not all illus - over the contact pads 110 may be similar to the first set of 
trated acts may be required to implement one or more conductive bumps 212 as discussed above and the descrip 
aspects or embodiments of the description herein . Further , tion will not be repeated herein . 
one or more of the acts depicted herein may be carried out 40 An active surface of the first die 100 , the active surface 
in one or more separate acts and / or phases . comprising the first set of conductive bumps 112 , is bonded 
At step 502 , the first die 100 is attached to the first side to the first side of the interposer 200 . The bonding between 

of the interposer 200 . Step 502 is illustrated in FIGS . 3 and the first set of conductive bumps 212 and the second set of 
4 as described below . conductive bumps 112 may be a solder bonding or a direct 

Referring to FIG . 3 , an interposer 200 is shown in 45 metal - to - metal ( such as a copper - to - copper or tin - to - tin ) 
accordance with an embodiment . In an embodiment , the bonding . In an embodiment , the first die 100 may be 
interposer 200 comprises a substrate , contact pads 210 , and attached to the interposer by a reflow process with a tem 
TSVs 220 . In general , the interposer 200 is similar to the perature between about 200 C . and about 300 C . for about 
doped silicon substrate used to form a die . While interposer 10 minutes . During this reflow process , the first set of 
200 may be formed of other materials , it is believed that 50 conductive bumps 112 are in contact with the second set of 
using silicon substrates for the interposer may reduce the conductive bumps 212 to form a first set of conductive joints 
stress because the coefficient of thermal expansion ( CTE ) 120 ( see FIG . 4 ) . 
mismatch between the silicon interposers and the silicon FIG . 4 illustrates the first die 100 attached to the inter 
typically used for the dies is lower than with interposers poser 200 with the first set of conductive joints 120 . In some 
formed of different materials . 55 embodiments , the conductive joints 120 may have a height 

The TSVs 220 , when completed in subsequent processing between about 10 um and about 60 um . An optional underfill 
steps , provide electrically conductive pathways between the material 130 may be injected or otherwise formed in the 
contact pads 210 on a first side of the interposer 200 and a space between the first die 100 and the interposer 200 . The 
second side of the interposer 200 . The TSVs 220 may be underfill material 130 may , for example , comprise a liquid 
formed by any appropriate method . For example , openings 60 epoxy , deformable gel , silicon rubber , or the like , that is 
may be formed extending into the substrate 206 by , for dispensed between the first die 100 and the interposer 200 , 
example , one or more etching processes , milling , laser and then cured to harden . This underfill material 130 is used , 
techniques , or the like . In an embodiment , the openings may among other things , to reduce cracking in the first set of 
be formed to have a depth from about 30 um to about 300 conductive joints 120 and to protect the joints from con 
um and a width from about 3 um to about 30 um . The 65 taminants . 
openings may be lined with diffusion barrier layers , adhe - At step 504 , the first die 100 is encapsulated . Step 504 is 
sion layers , isolation layers , and / or the like , and filled with illustrated in FIG . 5 as described below . 
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Referring to FIG . 5 , a molding compound 140 ( alterna coupled to the TSVs 220 and the contact pads 232 and the 
tively referred to as an encapsulating material ) is molded interconnects 230 . The third set of conductive bumps 236 
onto the first die 100 and the interposer 200 . The top surface may be similar to the first set and second set of conductive 
of molding compound 140 may be higher than , or level with , bumps 112 and 212 as discussed above and the description 
top surfaces the first die 100 . In some embodiments , the 5 will not be repeated herein . However , the first , second , and 
thickness of the molding compound 140 is between about third sets of conductive bumps 112 , 212 , and 236 need not 
300 um and about 800 um depending on the thickness of the be the same 
first die 100 . In some other embodiments , the molding The second die 300 may be a device die comprising compound 140 and the underfill material 130 may be integrated circuit devices , such as transistors , capacitors , omitted and the first die 100 may be attached to a carrier 10 inductors , resistors ( not shown ) , and the like , therein . The substrate ( not shown ) . second die 300 and the first die 100 may be different types At step 506 , the backside of interposer 200 may be of dies . For example , the first die may be a logic die , such thinned . Step 506 is illustrated in FIG . 6 as described below . 

FIG . 6 illustrates performing a thinning process on a as a CPU die , while the second die 300 may be a memory 
backside of the interposer 200 to expose the TSVs 220 . The 15 die . In some embodiments , the second die 300 may comprise 
thinning process may be performed using an etching process multiple stacked dies . The contact pads 310 on the second 
and / or a planarization process , such as a chemical mechani die 300 may be similar to the contact pads 220 and 232 as 
cal polishing ( CMP ) process . The TSVs 220 may protrude discussed above and the description will not be repeated 
from the interposer 200 or may be substantially coplanar herein . Also , a fourth set of conductive bumps 312 formed 
with the interposer 200 . For example , initially a planarizing 20 over the contact pads 310 may be similar to the first , second , 
process , such as a CMP , may be performed to initially and third sets of conductive bumps 112 , 212 , and 236 as 
expose the liner of the through substrate vias 220 . Thereaf - discussed above and the description will not be repeated 
ter , one or more wet etching processes having a high herein . 
etch - rate selectivity between the material of the liner and the An active surface of the second die 300 , the active surface 
interposer 200 may be performed , thereby leaving the TSVs 25 comprising the third set of conductive bumps 236 , is bonded 
220 protruding from the backside of the interposer 200 as to the second side of the interposer 200 . The bonding 
illustrated in FIG . 7 . In embodiments in which the interposer between the third set of conductive bumps 236 and the 
200 comprises silicon , the etch process may be , for example , fourth set of conductive bumps 312 may be a solder bonding a dry etch process using HBr / O2 , HBr / C12 / 02 , SF / CL2 , SF or a direct metal - to - metal ( such as a copper - to - copper ) plasma , or the like . 30 bonding . In some embodiments , the second die 300 may be At step 508 , a second die is attached to a second side of attached to the interposer 200 by a reflow process with a the interposer . Step 508 is illustrated in FIGS . 7 and 8 as temperature between about 200 C . and about 300 C . for described below . 

After recessing the backside of the interposer 200 , a about 10 minutes . During this reflow process , the third set of 
dielectric layer 234 may formed on a second side ( also 35 con 5 conductive bumps 236 are in contact with the fourth set of 
referred to as a backside ) of the interposer 200 as illustrated conductive bumps 312 to form a second set of conductive 
in FIG . 7 , wherein the second side of the interposer 200 is joints 240 ( see Fig . ) . 
opposite the first side of the interposer 200 . The dielectric FIG . 8 illustrates the second die 300 attached to the 
layer 234 may be formed on the interposer 200 , wherein interposer 200 with the second set of conductive joints 240 . 
dielectric layer 234 may be a low - temperature polyimide 40 In some embodiments , the conductive joints 240 may have 
layer , or may be formed of commonly known dielectric a height between about 10 um and about 60 um . An optional 
materials , such as spin - on glass , silicon oxide , silicon underfill material 250 may be injected or otherwise formed 
nitride , silicon oxynitride , the like , or a combination thereof . in the space between the second die 300 and the interposer 
The dielectric layer 234 may also be formed using chemical 200 . The underfill material 250 may , for example , comprise 
vapor deposition ( CVD ) . When the low - temperature poly - 45 a liquid epoxy , deformable gel , silicon rubber , or the like , 
imide is used , dielectric layer 234 may also act as a stress that is dispensed between the second die 300 and the 
buffer layer . interposer 200 , and then cured to harden . This underfill 

A third set of contact pads 232 may be formed over the material 250 is used , among other things , to reduce cracking 
dielectric layer 234 and electrically coupled to the TSVs in the second set of conductive joints 240 and to protect the 
220 . In some embodiments , there may be an interconnect 50 joints from contaminants . 
structure ( not shown ) including more dielectric layers , metal At step 510 , vias are formed to pads on the second side of 
lines and vias in the dielectric layers between the TSVs 220 the interposer . Step 510 is illustrated in FIG . 9 as described 
and the contact pads 232 . In some embodiments , the contact below . 
pads 232 may be redistribution lines . The contacts pads 232 FIG . 9 illustrates forming vias 320 to the interconnects 
may comprise aluminum , gold , copper , the like , or a com - 55 230 . The vias 320 electrically couple the interconnects 230 
bination thereof . to the subsequently formed conductive connectors 350 ( see 

A set of interconnects 230 may also be formed over the FIG . 12 ) . In some embodiments , the vias 320 may comprise 
dielectric layer 234 . The interconnects 230 may be similar to wire bonded to the interconnects 230 . The wire may com 
the third set of contact pads 232 as discussed above and the prise copper , aluminum , gold , tungsten , nickel , the like , or 
description will not be repeated herein . However , the inter - 60 a combination thereof and may have a diameter between 
connects 230 need not be the same as the contact pads 232 . about 0 . 5 mil and about 3 mil . In some other embodiments , 
The interconnects 230 electrically couple the interposer 200 , the vias 320 may be formed after the second die is encap 
the first die 100 , and / or the second die 300 to the subse - sulated with molding compound 360 ( see FIG . 11 ) by 
quently formed via 320 which may then be coupled to forming openings by a wet etch , a dry etch , laser drilling , the 
conductive connectors 350 . 65 like , or a combination thereof in the molding compound and 

Next , a third set of conductive bumps 236 are formed on filling the openings with a conductive material such as 
the second side of interposer 200 and are electrically copper , aluminum , gold , tungsten , nickel , the like , or a 
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combination thereof . The top surfaces of the vias 320 may CTE mismatch between the first die 100 , the interposer 200 , 
be higher than , or level with , the top surface of the second and the second die 300 . Also , in the embodiments discussed 
die 300 . above , no TSVs need to be formed in the dies so that the dies 
At step 512 , the second die and the vias are encapsulated . may maintain their transistor and / or diode quality and not 

Step 512 is illustrated in FIGS . 10 and 11 as described 5 withstand the stress of TSV formation . Further , in embodi 
below . ments above , the semiconductor device does not include a 

FIG . 10 illustrates the formation of a molding compound packaging substrate and does not require the use of a carrier 
360 ( alternatively referred to as an encapsulating material ) substrate during formation , which may reduce the size and 
onto the second die 300 , the vias 320 , and the interposer 200 . cost of the device . 
The top surface of molding compound 360 may be higher 10 FIG . 13 illustrates a semiconductor device 20 that 
than , or level with , top surfaces of the second die 300 and / or includes a packaging substrate 400 . This embodiment is 
the vias 320 . In an embodiment , the thickness of the molding similar to the embodiment above except that the structure 
compound 360 is between about 300 um and about 800 um comprising the first die 100 , the interposer 200 , and the 
depending on the thickness of the second die 300 and the second die 300 is attached to the packaging substrate 400 
depth of the vias 320 . 15 and coupled to the packaging substrate 400 by wires 380 . 

In the embodiment wherein the top surface of the molding The formation of this embodiment is similar as described 
compound 360 is higher than the top surface of the second above except that the top surface of the second die 300 is 
die 300 and / or the vias 320 , the top surface of the molding attached to the packaging substrate and wires 380 are 
compound 360 may be thinned to expose the vias 320 as bonded to interconnects 230 on the interposer and the 
illustrate in FIG . 11 . The thinning process may be performed 20 packaging substrate 400 . The first die 100 , the interposer 
using an etching process and / or a planarization process , such 200 , the second die 300 , and the wires 380 are all encap 
as a grinding process . The vias 320 may protrude from the sulated over the packaging substrate 400 by a molding 
molding compound 360 or may be substantially coplanar compound 140 . 
with the molding compound 360 . FIG . 14 illustrates a semiconductor device 30 which 

At step 514 , connectors are formed over the second die 25 includes a first die 100 attached directly to a second die 300 . 
and the vias . Step 514 is illustrated in FIG . 12 as described The formation of this embodiment is similar as described 
below . above except that the first die 100 and the second die 300 are 

FIG . 12 illustrates the formation of the optional dielectric bonded directly together without an interposer between 
layer 330 , the RDLs 340 , and the conductive connectors 350 them . The bonding process may be a similar reflow process 
coupled to the RDLs 340 . The optional dielectric layer 330 30 as described above forming a first set of conductive joints 
may be formed over the top surface of the second die 300 120 from a first set of conductive bumps on the first die 100 
and the top surface of the molding compound 360 . In the and a second set of conductive bumps on the second die 300 . 
embodiment where the molding compound 360 is remaining The vias 320 electrically couple the interconnects 230 on the 
over the top surface of the second die 300 , the dielectric first die 100 to the RDLS 340 over a surface of the molding 
layer 330 may be omitted ( see FIG . 11 ) . The dielectric layer 35 compound 140 and the second die 300 . 
330 may be omitted The dielectric layer 330 may be a It has been found that embodiments such as those dis 
low - temperature polyimide layer , or may be formed of cussed above may reduce the overall size of the semicon 
commonly known dielectric materials , such as spin - on glass , ductor device . Also , in the embodiments discussed above , 
silicon oxide , silicon nitride , silicon oxynitride , the like , or the processing steps may be reduced and the number of 
a combination thereof . The dielectric layer 330 may also be 40 components may be reduced which may lower the cost of the 
formed using CVD . When the low - temperature polyimide is devices . 
used , dielectric layer 330 may also act as a stress buffer An embodiment is a semiconductor device comprising a 
layer . first die comprising a first active surface and a first backside 

The RDLs 340 may be formed over the dielectric layer surface opposite the first active surface , a second die com 
330 and electrically coupled to the vias 320 . The RDLS 340 45 prising a second active surface and a second backside 
may be formed of any suitable conductive material , such as surface opposite the second active surface , and an interposer , 
copper , copper alloys , aluminum , silver , gold , the like , or a the first active surface of the first die being electrically 
combination thereof formed by any suitable technique , such coupled to a first side of the interposer , the second active 
as electro - chemical plating ( ECP ) , electroless plating , other surface of the second die being electrically coupled to a 
deposition methods such as sputtering , printing , and CVD 50 second side of the interposer . The semiconductor device 
methods , or the like . In some embodiments , there may be an further comprises a first connector over the interposer , a first 
interconnect structure ( not shown ) including one or more encapsulating material surrounding the second die , the first 
dielectric layers , metal lines and vias in the dielectric layers encapsulating material having a first surface over the inter 
between the RDLs 340 and the vias 320 . poser , and a via electrically coupling the first connector and 

Next , the conductive connectors 350 may be formed over 55 the interposer . A first end of the via is substantially coplanar 
the RDLs 340 and some may be electrically coupled to the with the first surface of the first encapsulating material . 
vias 320 by way of the RDLs 340 . The conductive connec Another embodiment is a semiconductor device compris 
tors 350 may be formed of a eutectic solder , lead free solder i ng a first die comprising a first surface and a second surface , 
or the like . The conductive connectors 350 may be formed the first surface comprising contact pads , the second surface 
by any suitable method , such as the Controlled Collapse 60 being opposite the first surface , a second die comprising a 
Chip Connection ( C4 ) , ball grid array ( BGA ) , or the like . In third surface and a fourth surface , the third surface com 
some embodiments , the RDLs 340 may include an under prising contact pads , the fourth surface being opposite the 
bump metallization ( UBM ) and the conductive connectors third surface , the first surface being electrically coupled to 
350 may be formed over the UBM . the third surface , and an encapsulant material surrounding 

It has been found that embodiments such as those dis - 65 the second die , the encapsulant material having a surface 
cussed above may reduce the stress between the dies and the substantially coplanar with the fourth surface . The semicon 
interposer . This reduction is partially due to minimizing the ductor device further comprises a dielectric layer over the 
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fourth surface and the surface of the encapsulant material , a bonding a wire to the second side of the interposer ; and 
plurality of connectors over the dielectric layer , and a first encapsulating the wire in the second encapsulant material . 
via in the encapsulant material , the first via electrically 3 . The method of claim 2 , wherein an end of the wire is 
coupled to at least one of the plurality of connectors and to substantially coplanar with a surface of the second encap 
the first die . 5 sulant material . 

Yet another embodiment is a method of forming a semi 4 . The method of claim 1 further comprising : 
conductor device , the method comprising attaching a first forming a second contact pad coupled to a second side of 
die to a first side of an interposer , encapsulating the first die the via opposite the first side of the via ; and with a first encapsulant material , attaching a second die to a forming a conductive bump on the first contact pad and second side of the interposer , and encapsulating the second 10 the second contact pad , wherein the conductive bumps , die with a second encapsulant material . The method further the first contact pad , the second contact pad , and the via comprises forming a first via in the second encapsulant electrically couple the first die and the second die . material having a first end coupled to the interposer , and 5 . The method of claim 1 further comprising forming a forming a plurality of connectors over the second die and the 
second encapsulant material , at least one of the plurality of 15 redi e of the plurality of 15 redistribution layer on the second end of the first via , the at 
connectors coupled to a second end of the via . least one of the plurality of connectors being physically 

Although the present embodiments and their advantages coupled to the redistribution layer . 
have been described in detail , it should be understood that 6 . The method of claim 1 , wherein the interposer is 
various changes , substitutions , and alterations can be made substantially free from active devices . 
herein without departing from the spirit and scope of the 20 7 . The method of claim 1 wherein the second encapsulant 
disclosure as defined by the appended claims . Moreover , the material has a surface substantially coplanar with a backside 
scope of the present application is not intended to be limited surface of the second die , and wherein a surface of the first 
to the particular embodiments of the process , machine , encapsulant material is substantially coplanar with a back 
manufacture , composition of matter , means , methods , and side surface of the first die . 
steps described in the specification . As one of ordinary skill 25 8 . The method of claim 1 further comprising : 
in the art will readily appreciate from the disclosure , pro forming an underfill between the first die and the first side 
cesses , machines , manufacture , compositions of matter , of the interposer ; and 
means , methods , or steps , presently existing or later to be forming an underfill between the second die and the developed , that perform substantially the same function or second side of the interposer . 
achieve substantially the same result as the corresponding 30 ponding 30 9 . The method of claim 1 , wherein attaching the first die o The 
embodiments described herein may be utilized according to to the interposer comprises bonding the first die to the the present disclosure . Accordingly , the appended claims are 
intended to include within their scope such processes , interposer through direct metal - to - metal bonding . 

10 . The method of claim 1 , wherein recessing the second machines , manufacture , compositions of matter , means , side of the interposer comprises : methods , or steps . 
What is claimed is : planarizing the second side of the interposer to expose the 
1 . A method comprising : via ; and 
forming a via in an interposer ; after planarizing the second side of the interposer , etching 
attaching a first die to a first side of the interposer ; the interposer to expose the sidewall of the via . 
encapsulating at least lateral edges of the first die with a 40 11 . A method comprising : 

first encapsulant material ; forming a plurality of vias in an interposer ; 
recessing a second side of the interposer opposite the first recessing a backside of the interposer such that portions of 

side of the interposer , the recessing exposing a sidewall the vias protrude from the backside of the interposer ; 
of the via ; forming a first dielectric layer over the backside of the 

after recessing the interposer , forming a dielectric layer 45 interposer , the first dielectric layer surrounding the 
over the second side of the interposer , the dielectric protruding portions of the vias ; 
layer directly contacting the exposed sidewall of the forming via contact pads extending along and physically 
via , the dielectric layer comprising a first surface proxi contacting a first surface of the first dielectric layer 
mate the interposer and a second surface opposite the disposed furthest from the interposer , the via contact 
first surface and distal the interposer ; pads being connected with the vias ; 

after forming the dielectric layer , forming a first contact electrically coupling contact pads on a first surface of a 
pad coupled to a first side of the via , the first contact first die to contact pads on a third surface of a second 
pad directly contacting and extending along the second die through the interposer , the first die having the first 
surface of the dielectric layer ; surface and a second surface opposite the first surface , 

after attaching the first die , attaching a second die to the 55 the second die having the third surface and a fourth 
second side of the interposer ; surface opposite the third surface , the first surface of 

encapsulating at least lateral edges of the second die with the first die and the third surface of the second die 
a second encapsulant material ; facing one another ; 

after attaching the second die , providing a first via in the encapsulating at least lateral edges of the second die with 
second encapsulant material having a first end coupled 60 an encapsulant material ; 
to the interposer ; and forming a second dielectric layer over the fourth surface 

forming a plurality of connectors over the second die and and a surface of the encapsulant material ; 
the second encapsulant material , at least one of the forming a plurality of connectors over the second dielec 
plurality of connectors coupled to a second end of the tric layer ; and 
first via . 65 forming a first via in the encapsulant material , the first via 

2 . The method of claim 1 , wherein the providing the first electrically coupled to at least one of the plurality of 
via further comprises : connectors and to the first die . 

50 
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12 . The method of claim 11 , wherein the surface of the forming an underfill extending from the second die to the 
encapsulant material is substantially coplanar with the fourth interposer , the underfill extending directly between 
surface . adjacent contact pads of the plurality of contact pads ; 

13 . The method of claim 11 , wherein some of the plurality encapsulating at least lateral edges of the second die with 
of connectors are over the second die and some of the 5 an encapsulant material , the encapsulant material hav plurality of connectors are over the encapsulant material . 

14 . The method of claim 11 further comprising : ing a first surface and a second surface , the first surface 
forming a first set of conductive joints between the first being opposite the second surface ; 

surface and the third surface ; and forming a plurality of connectors over the second back 
forming an underfill material surrounding the first set of side surface of the second die ; and 

conductive joints between the first surface and the third forming a plurality of vias in the encapsulant material , 
surface . each of the plurality of vias electrically coupled to at 

15 . The method of claim 11 , wherein one of the first die least one of the plurality of connectors , each of the 
and the second die comprises a logic circuit and the other of plurality of vias comprising a wire bonded to an 
the first die and the second die comprises a memory . interconnect at the first surface of the encapsulant 15 16 . A method comprising : material and the at least one of the plurality of con forming a plurality of through substrate vias through an nectors at the second surface of the encapsulant mate interposer ; rial . forming a dielectric layer over the interposer ; 17 . The method of claim 16 , wherein the second surface forming a plurality of contact pads over the through 20 of the encapsulant material is substantially coplanar with the substrate vias , the contact pads comprising a plurality 2 

second backside surface of the second die . of first contact pads formed directly on the through 18 . The method of claim 16 , wherein the wire has a substrate vias and the dielectric layer , the first contact 
diameter from about 0 . 5 mil to about 3 mil . pads extending along a surface of the dielectric layer ; 19 . The method of claim 11 , wherein the first die , the electrically coupling a first active surface of a first die to 

a second active surface of a second die through the 25 second die , and the interposer comprise silicon ( Si ) . 
interposer , the first die comprising the first active 20 . The method of claim 16 , wherein encapsulating at 
surface and a first backside surface opposite the first least the lateral edges of the second die further comprises 
active surface , the second die comprising the second encapsulating at least lateral edges of the underfill with the 
active surface and a second backside surface opposite encapsulant material . 
the second active surface ; 

D . 


